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Summary

The objective of this study was to estimate, through mathematical models, energy and
protein requirements for maintenance and gain of hair sheep raised in the tropical region
of Brazil. To determine the equation parameters, a meta-analysis of seven independent
experiments of nutrient requirements was performed, comprising a total of 243 experi-
mental units (animals), which were conducted under tropical conditions, using hair sheep
in growing and finishing phases and endowed of the following quantitative data for each
animal: body weight (BW), empty body weight (EBW), average daily gain (ADG), empty
body gain (EBG), heat production (HP), metabolizable energy intake (MEI), retained
energy (RE), metabolizable protein intake (MPI) and body protein content. The regression
equations generated were as follows: for Net Energy for maintenance,
(NE,): LogHP\\/ cou 075 g 1) =—0.6090 (+:0.07470) +0.5149 (:£0.07216) X MEN . o075 4, 3y
for NetEnergy for gain, (NEg): LogRE ) eaw o7 ayt) =0.03084 (+0.05334)+
0.8455(+£0.04355) x LogEBGy, qay; fOr Metabolizable Protein for maintenance,(MP ):

MPI .., = 24.8470 (+7.3646) + 56028 (£99.6582) x EBG s, for Net Protein for
gain, (NP): NPy, =01941xEBW, 01" The NE, requirement was

0.246 MJ EBW %75 day™. The metabolizable energy for maintenance requirement was
0.391 MJ EBW™%7* day™. Considering an ADG of 100 g, the NE, requirement ranged
from 0.496 to 1.701 MJ/day for animals with BW ranging from 10 to 40 kg respectively.
The efficiencies of use of the metabolizable energy for maintenance and gain were 0.63
and 0.36 respectively. The MP_ requirement was 3.097 g EBW 075 day’l. Considering
an ADG of 100 g, the NPg requirement ranged from 12.4 to 10.5 g/day for animals with
BW ranging from 10 to 40 kg respectively. The total metabolizable energy and protein
requirements were lower than those reported by the NRC and AFRC systems. Thus, our
results support the hypothesis that nutrient requirements of hair sheep raised in tropical
regions differ from wool sheep raised in temperate regions. Therefore, the use of the

equations designed in this study is recommended.
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1 | INTRODUCTION

The hair sheep is important in many production systems in developing
countries. Its economic importance, which varies between regions, is
the ability to convert forage or agro-industrial by-products into meat,
fibre, skin and milk (Gutierrez-A, 1986). Despite its importance, infor-
mation on nutrient requirements of these animals is still scarce. For
this reason, we conducted a meta-analysis of the raw data from stud-
ies conducted in Brazil, which used the genotypes, Santa Ines, Morada
Nova and Brazilian Somalis, to improve estimates of the nutrient
requirements of hair sheep raised in the tropics, and to serve as a basis
for future studies. In addition, these data are important to compose
a larger database and thus to contribute to nutrition studies on small
ruminants.

At present, the recommendations of the United States’ National
Research Council (NRC, 2007) are used in Brazil to formulate diets.
However, the equations proposed by the NRC (2007) were primar-
ily developed from wool sheep raised in temperate climate regions.
Salah, Sauvant, and Archiméde (2014) performed a meta-analysis
of 590 publications to estimate energy and protein requirements of
sheep, goats and growing cattle raised in areas of tropical climate and
concluded that energy and protein requirements of ruminants raised
in tropics are greater when compared to international systems like
NRC, ARC, INRA and AFRC. One of the reasons to justify this dif-
ference is that, under conditions of high temperatures, the energy
required to dissipate body heat significantly increases (CSIRO, 2007).
The changes in energy requirements for maintenance and dry matter
intake are the primary effects of the interaction between an animal
and its environment, while the effects on energy requirements for
production is a secondary effect (Fox & Tylutki, 1998). According
to NRC (2007), the effects of extreme cold or heat conditions on
metabolizable protein requirements are not well understood. Tropical
genotypes were not selected for muscle deposition, thereby depos-
iting more fat than temperate genotypes and therefore, the energy
cost per kg of gain might be greater (Early, Mahgoub, & Lu, 2001).
Therefore, we understand that nutrient requirements of hair sheep
raised in the tropics differ from those of wool sheep raised in tem-
perate regions. Thus, there is a critical need to assess the energy and
protein requirements of these animals for production under tropical
conditions worldwide.

Independent studies of nutrient requirements of hair sheep
have primarily been performed in tropical regions. However, there
are, in general, significant differences among studies (Azevédo,
Valadares Filho, Pina, Chizzotti, & Valadares, 2010), resulting in
inconclusive results. Thus, only through meta-analysis, it is possi-
ble to control the various effects observed across studies and to
develop equations for prediction of general requirements of these
animals.

Therefore, the objective of this study was to estimate energy and
protein requirements for maintenance and gain of hair sheep raised
in the tropical region of Brazil from a meta-analysis of studies con-
ducted with hair sheep until the present moment. We hypothesize that

nutrient requirements of hair sheep raised in tropics differ from those

recommended by traditional committees on nutrient requirements for
sheep (AFRC, 1993; NRC, 2007).

2 | MATERIALS AND METHODS

The approval of the ethics committee on animal use was not neces-
sary in this study because the data were collected from previously

published sources.

2.1 | Inclusion criteria for studies

Only studies containing information on individual animals, animals fed
at maintenance levels and animals fed at least two levels above main-
tenance were included. Furthermore, only experiments conducted
with hair sheep raised in the tropical region of Brazil that contained
the following quantitative data on each animal were included: body
weight (BW), empty body weight (EBW), average daily gain (ADG),
empty body gain (EBG), heat production (HP), metabolizable energy
intake (MEI), retained energy (RE), metabolizable protein intake (MPI)
and body protein content (BPC).

The database was compiled from the results of seven studies, com-
prising a total of 243 animals and 28 treatments (Table 1). Currently,
there are few studies of nutrient requirements of hair sheep available,
and the raw data are often inaccessible. Therefore, this study has used
raw data of only seven studies. The results from Nascimento Junior
(2010) were not included in the calculations of energy and protein
requirements for maintenance because of lack of information on MEI
and MPI. A descriptive analysis of the variables used in the meta-
analysis is given in Table 2. The statistical significances of the effects
of sex, genotype and feeding system could not be assessed because of
the insufficient number of replicates and therefore must be accessed

in a future study.

2.2 | Variable estimates

The EBW and body composition of the reference animals, slaughtered
at the beginning of the experiments, were used to estimate the EBW
and initial body composition of the remaining animals, slaughtered at
the end of the experiments, within each study. The body energy con-
tent (BEC) was calculated based on body protein content (BPC) and
on body fat content (BFC), according to the equation recommended
by the ARC (1980): BECjy,, = (5.6405 x BPC(kg)) +(9.3929 x BFC(kg)).
The MEI (MJ EBW ™27 day™?) was estimated from total digestible nutri-
ents (TDN), assuming that 1 kg of consumed TDN provides 4.4 Mcal of
digestible energy (NRC, 2000) and that 82% of the digestible energy
corresponds to the metabolizable energy (Cannas, Tedeschi, Fox, Pell,
& Van Soest, 2004). The MEI was estimated form TDN because not all
studies had data from gas and urinary losses. To convert the energy,
expressed in Mcal, into MJ, the values of HP, MEI and RE were mul-
tiplied by 4.184. The daily RE (MJ) was assessed based on the differ-
ence between the final and initial body energy divided by the number
of days of the corresponding experimental period. The daily HP (MJ)
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Variable n Minimum Maximum Mean

BW, kg 243 10.12 47.34 24.61
EBW, kg 243 6.34 37.86 19.15
EBWO7 kg 198 423 14.16 8.02
ADG, kg/day 165 0.01 0.37 0.13
EBG, kg/day 165 0.00 0.32 0.10
MEI, MJ/day 174 1.53 24.23 6.59
RE, MJ/day 198 -1.80 5.80 1.26
HP, MJ/day 171 1.04 21.76 5.33
MPI, g/day 173 16.02 159.69 78.34
PBC, kg 243 1.08 8.37 3.04
DM, g/day 173 263.12 1,405.72 688.27

TABLE 2 Descriptive statistics of the

Standard deviation . . .
viati variables used in the meta-analysis

7.66
6.76
1.92
0.06
0.05
3.00
0.93
2.58
35.39
1.15
215.52

BW, body weight; EBW, empty body weight; EBW0‘75, metabolic empty body weight; ADG, average
daily gain; EBG, empty body gain; MEI, metabolizable energy intake; RE, retained energy; HP, heat
production; MPI, metabolizable protein intake; PBC, protein body content; DMI, intake dry matter.

was estimated based on the difference between daily MEI (MJ) and
daily RE (MJ).

The EBW (kg) and EBG (kg/day) were estimated according to linear
regression Equations 1 and 2 respectively:

EBW = By +p, xBW, (1)
EBG = By +p4 XADG, )

where EBW =empty body weight (kg); BW =body weight (kg);
EBG = empty body gain (kg/day); ADG = average daily gain; and f, and
B, are the coefficients of the regression equations. Both performance
and reference animals were considered to develop the EBW equation,
but only performance animals were used to develop the EBG equation
because growth pattern of performance animals differs from that of
animals fed at maintenance levels.

The requirement of net energy for maintenance (NE,_,
MJ EBW 275 day™) was assumed as the antilog of the intercept
of the linear regression of the logarithm of HP as a function of MEI
(Equation 3), as suggested by Lofgreen and Garrett (1968). All data
sets, except the reference group, were included for this calculation.

LogHP = B+, X MEI, (3)

where HP = heat production (MJ EBW °7° day™1); MEI = metaboliz-
able energy intake (MJ EBW%7° day™); and B, and p, are the coef-
ficients of the linear regression equation of the logarithm of HP as a
function of MEI.

The requirement of metabolizable energy for maintenance
(ME, , MJ EBW®7° day™!) was calculated by the iterative method in
Equation 3, which corresponds to the point at which the HP is equal
to the MEL.

The efficiency of use of metabolizable energy for maintenance (k,.),
in turn, was obtained from the ratio between NE,_ and ME_ require-

ments, as proposed by Garrett (1980).

Considering the same group of animals, but excluding the study
of Nascimento Junior (2010), the efficiency of use of metabolizable
energy for gain (kg; Equation 4) was evaluated as described by Galvani
et al. (2014), in which the slope of the linear regression between RE
and the metabolizable energy intake for gain (MEIg) represents the

efficiency of use of metabolizable energy for gain (kg):

RE = o +B; X MEL, 4)

where RE = retained energy (MJ EBW %73 day'l); MEIg = metaboliz-
able energy intake for gain(MJ EBW™°7° day™); and By and B, are the
coefficients of the linear regression equation of RE as a function of
MEL,.

The Equation 5 was used to estimate the net energy for gain (NEg,
MJ EBW %75 day™):

LogRE = By +p4 x LogEBG, (5)

where RE = retained energy (MJ EBW 7> day™); EBG = empty body
gain (kg/day); and f, and f, are the coefficients of the linear regression
equation of the logarithm of RE as a function of the logarithm of EBG.
Only performance animals were included in this model.

The MPI was obtained from the sum of truly digestible microbial
CP (TDMCP), and the digestible rumen undegradable protein intake
(DRUPI; Equation 6). The TDMCP was obtained from the product
between the total digestible nutrients intake (TDNI) and the efficiency
of microbial synthesis of 76.2 g of microbial CP per kg TDNI. This value
was obtained from the mean value of the control treatments evalu-
ated in studies of sheep and goat raised in tropical regions (Argdlo
et al., 2010; Carvalho et al., 2010; Fonseca et al., 2006; Pereira, 2013).
TDMCP was obtained by multiplying CPmic by 0.64, assuming that
CPmic is constituted of 80% of amino acids and has intestinal digest-
ibility of 80% (NRC, 2000). The DRUPI was calculated subtracting the
ruminal degradable protein (RDP; assuming that 90% of the RDP cor-
responds to microbial CP and the other 10% correspond to losses by
ammonia) of total crude protein intake, and multiplying the result by



OLIVEIRAET AL.

5
J l of
Animal Physiology and Animal u::::MWI l E Y

TABLE 3 Equations developed from the meta-analysis to estimate the nutrient requirements of hair sheep raised in tropical regions

Equations n & p-Value
1 EBW(kg) =-2.4852 (+0.2748) + 0.8821 (+0.01517) x BW 185 0.6010 <.0001
2 EBGg/day) = ~ 0.01875 (+0.004128) + 0.9671 (+0.02799) x ADG 129 0.000117 <.0001
3 LogHP ) g7 day ) = —0.6090(+0.07470)+0.5149 (+0.07216) x MEI 167 0.001995 .0008
4 LogRE(M ) EBW7 day-1) =0.03084 (+0.05334) +0.8455 (+0.04355) x LogEBG 144 0.006987 <.0001
5 RE 1) EBW 075 day-1) =0.3628 (+0.05637) xMEI, 152 0.002981 .0013
6 MPI/4.y) = 24.8470 (£7.3646) + 560.28 (+99.6582) x EBG 165 252.14 .0025

-0.1058

7 NP g /day =0.1941 X EBW 146 14.6145 .0003

EBW, empty body weight; BW, body weight (kg); EBG, empty body gain; ADG, average daily gain (kg/day); HP, heat production; MEI, metabolizable energy
intake (MJ EBW 7% day'i); RE, retained energy; MEIg, metabolizable energy intake for gain (MJ EBW°7° day'i); MPI, metabolizable protein intake; NPg,

requirement of net protein for gain of 1.0 kg EBW.

0.80, which is the fixed value of digestibility of RUP in the small intes-
tine (NRC, 2000):

MPI = (TDNIXx76.2%x0.64) +((CPI— (CPmicx 1.11)) x0.80),  (6)

where MPI = metabolizable protein intake (g/day); TDNI = total
digestible nutrients intake (kg/day); CPI = crude protein intake (g/day);
CPmic = microbial crude protein (g/day).

The requirement of metabolizable protein for maintenance (MP,_,
g EBW 7% day™!) was calculated from the ratio between the inter-
cept of Equation 7 and the mean metabolic EBW, as proposed in NRC
(2000):

MPI = By +p, XEBG, (7)

where MPI = metabolizable protein intake (g/day); EBG = empty body
gain (kg/day); and f, and p, are the coefficients of the linear regres-
sion equation of MPI as a function of EBG. Both performance (animals
fed above maintenance) and maintenance animals were considered.
Another alternative for the estimation of the MP_ requirement is to
use the ADG; however, the evaluation of EBG reduces errors associ-
ated with the effects of gastrointestinal filling (Marcondes, Gionbelli,
Valadares Filho, Chizzotti, & Paulino, 2010).

The requirement of net protein for gain of 1 kg EBW (N Pg, kg/day)
was estimated deriving the regression equation of the logarithm of

body protein content as a function of logarithm of EBW (Equation 8):
NP, = p; x 107 x EBW" ™", ®)

where NPg = requirement of net protein for gain of 1 kg EBW (kg/day);
EBW = empty body weight (kg); and B, and f, are the coefficients of
the linear regression equation of the logarithm of body protein content
as a function of logarithm of EBW. Both performance and reference
animals were included in this model.

To convert the NPg requirement into the corresponding require-
ment of metabolizable protein for gain (MPg), an efficiency of use of
metabolizable protein for gain of 0.70 was adopted, as recommended
by the NRC (2007). We chose to use the value suggested by the NRC
(2007) as the value estimated by our database was biologically improb-
able (0.18), which suggests that further studies must be conducted to

better understand the efficiency of use of metabolizable protein for

gain.

2.3 | Statistical analysis

The meta-analysis was performed as suggested by St-Pierre (2001). A
random coefficients model was adopted, considering the study as a ran-
dom effect, and including the possibility of covariance between the slope
and the intercept. Three types of variance-covariance structures were
tested: variance components (VC), unstructured (UN), and heterogeneous
autoregressive (ARH (1)). The Akaike information criteria (AIC) of these
variance-covariance structures were assessed to define the best model.

The covariance parameter was considered to be non-zero when
the p-value was less than .10. The outliers were removed when the
studentized residuals were greater than 2 or less than -2. Significance
levels of .05 and .20 were imposed for fixed and random effects
respectively. All statistical procedures were performed using the
PROC MIXED procedure of the statistical analysis software SAS ver-
sion 9.2 (SAS Inst. Inc., Cary, NC).

The general statistical model employed for data analysis was
(Equation 9):

Yi = Bo +BXij+5i+bX; +e, (9)

where Yij = dependent variable Y observed at level j of the indepen-
dent variable X in study i; B, = overall intercept for all study data (fixed
effect); p, = overall regression coefficient of Y on X for all study data
(fixed effect); X,.j = observed value j of the independent variable X in
study i; s; = random effect of study i on intercept f; b; = random effect

of study i on the regression coefficient f, in study i; e; = unexplained

ij
random residual error.

3 | RESULTS

3.1 | EBWand EBG

Regression Equations 1 and 2 (Table 3) were developed to estimate
the EBW and EBG from BW and ADG respectively. These variables
are essential to assess nutrient requirements of animals.
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TABLE 4 Prediction of energy and protein requirements of hair sheep using the fitted equations

N Pg, g/day M Pg, g/day TMP, g/day

NE,_, MJ/day NEg, MJ/day TNE, MJ/day ME_, MJ/day MEg, MJ/day TME, MJ/day MP,_, g/day

ADG, kg/day

BW, kg

30.148
52.206
74.264
40.001
60.115
80.228
49.000
68.161
87.322
57.383
75.919
94.455

17.782
39.840
61.898
16.214
36.328
56.441
15.446
34.607
53.768
14.942
33.479
52.015

12.447
27.888
43.328
11.350
25.429
39.509
10.812
24.225
37.637
10.460
23.435
36.410

12.366
12.366
12.366
23.787
23.787
23.787
33.554
33.554
33.554
42.441
42.441
42.441

2.929
4.265

1.366
2.703
3.923
2.628
5.199
7.546
3.708
7.334

1.562
1.562
1.562
3.005
3.005

1.478
1.963
2.406
2.844
3.776
4.628

0.983 0.496

0.100
0.200
0.300
0.100
0.200
0.300
0.100
0.200
0.300
0.100
0.200
0.300

10
10
10
20
20
20
30
30
30
40

0.981

0.983

5.485

1.423

0.983

Animal Physiology and Animal Nutri

5.634
8.204
10.551
7.947
11.573

0.954

1.890
1.890
1.890
2.666
2.666
2.666
3.372
3.372
3.372

1.886
2.738

3.005

4.239

4.011

1.345
2.661

4.239

5.327
6.528
5.073
6.737

14.884
10.052
14.638
18.825

10.644
4.690
9.276
13.463

4.239

3.862

Journal of
ition

5.362
5.362
5.362

1.701
3.365
4.885

OLIVEIRA ET AL.

40

8.257

40

BW, body weight; ADG, average daily gain; NE,_, net energy for maintenance (0.246 M) EBW 7% day‘l); NE_, net energy for gain

(LogRE(MJ EBW 075 dayl) = 0.03084 (+0.05334)+0.8455 (+0.04355) x LogEBG);

(MEg = NEg/0.3628); TME, total metabolizable energy
); MPg, metabolizable protein for gain (MPg = NPg/0.70); TMP,

; ME_, metabolizable energy for gain

NE_ + NEg); ME,, metabolizable energy for maintenance (0.391 MJ EBW °7° day™)

(TME = ME, + ME,); MP,_, metabolizable protein for maintenance (3.097 g EBW 075 day™); NP,, net protein for gain (NP,

total metabolizable protein (TMP

TNE, total net energy (TNE

0.1941x EBW 21038

MP,, + MP)).

3.2 | Energy requirements

The NE, requirement, calculated from Equation3 (Table 3),
was  0.246 MJ EBW°7° day’i, The ME, requirement was
0.391 MJ EBW %7 day™, with an efficiency of use of ME, of 0.63.
Considering an ADG of 100 g, the NEg requirement, calculated from
Equation 4 (Table 3), ranged from 0.496 to 1.701 MJ/day for animals
with BW ranging from 10 to 40 kg respectively (Table 4). The kg, esti-
mated from Equation 5 (Table 3), was 0.36. The ratio between the
NEg and kg provides an estimate of the requirement of metabolizable
energy for gain (MEg; Table 4). Total nutrient requirements were cal-
culated using the factorial method, as used in the majority of interna-
tional systems. The analysis revealed that total metabolizable energy
(TEM) requirement, expressed as MJ/day, increases with increases in
animal BW and ADG (Table 4).

3.3 | Protein requirements

The MP_ requirement, calculated from Equation 6 (Table 3), was
3.097 g EBW > day™. Considering an ADG of 100g, the NP,
requirement, calculated from Equation 7 (Table 3), ranged from 12.4
to 10.5 g/day for animals with BW ranging from 10 to 40 kg respec-
tively. The TMP requirement, expressed in g/day, increased with
increases in BW and ADG of animals (Table 4).

4 | DISCUSSION

4.1 | Energy requirements

The NE_ includes the energy required for muscle activity, tissue
turnover and involuntary metabolic processes (NRC, 1985). The mean
value of NE_ obtained in our study of 0.246 MJ EBW %75 day™* (maxi-
mum and minimum values were 0.383 and 0.158 MJ EBW °7° day™*
respectively) was greater than that reported by Gonzaga Neto et al.
(2005), which reported a NE,, of 0.222 MJ EBW™*7® day™* in a study
with Morada Nova non-castrated lambs. This variation may be attrib-
uted to differences between genotypes, as our database was com-
posed basically by Santa Ines genotype, which has early-maturing
compared to Morada Nova genotype. Rodrigues et al. (2016), in turn,
in a study with non-descript breed hair lambs (intact males, castrated
males and females), reported a NE, of 0.285MJEBW*7° day™
for the three genders. Converting the NE_ requirement obtained
in our study into a fasting body weight base (BWf°7°), the obtained
value was 0.210 MJ BWf %7 day™. This value is lower than the
value reported by Galvani, Pires, Kozloski, and Wommer (2008) of
0.247 MJ BWF 075 day_1 in a study on non-castrated cross-bred
Texel sheep (wool sheep). The value of NE_ obtained in our study
was even lower than the value recommended by the NRC (2007)
and AFRC (1993), which suggests a non-adjusted NE_ of 0.259 and
0.289 MJ BWF 975 day™ (without adjustment for activity) respec-
tively. This variation may be attributed to environmental differences
between tropical and temperate regions, as hypothesized in our study.
The climate in the Brazilian Northeast is the semi-arid, characterized
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by low rainfall (less than 800 mm/year) and high temperatures with
little variability during the year (average annual temperature above
27°C; Pereira, 2005). Starling, Silva, Negrao, Maia, and Bueno (2005)
observed a significant and negative correlation between environ-
mental temperature and thyroid hormone secretion (the secretion
of thyroxine-T; and triiodothyronine-T, decreased with an increase
in environmental temperature) in a study of Corriedale sheep (wool
sheep). Thyroid hormones have a strong effect on metabolism, and
their increased secretion causes the metabolic rate to increase, while
reductions in secretion levels are associated with a decrease in meta-
bolic rate (Guyton, 1996). Thus, reductions in the metabolic rates of
tissues occur when the effective environmental temperature exceeds
the upper critical temperature of the thermoneutral zone (i.e., heat
stress) because of the reduced secretion of T, and T, hormones,
resulting in decreased energy required for maintenance. Furthermore,
according to the NRC (2000), productivity is compromised in envi-
ronments with higher temperatures because feed intake is reduced
and voluntary feed intake is, in general, positively correlated with
fasting heat production (Chilliard & Bocquier, 2000). Thus, we may
conclude that the energy requirement for maintenance is reduced
in environments with higher temperatures, which explains the lower
NE,, requirement observed in this study when compared to NRC
(2007) and AFRC (1993). Acclimatization, which consists of adaptive
changes in response to climate change, including behavioural and
physiological changes, could also justify this change in NE, demand.
It is noteworthy that the animals differ greatly in their behavioural
and physiological responses to adapt to a specific environment. In
this context, differences among genotypes are particularly evident
(NRC 2000). Using an approach of ME, requirement at the full BW
base, Salah et al. (2014) reported that small tropical ruminants have
ME, requirement higher than the tempered small ruminants (259.06
vs. 243.4 kJ/BW). However, when converting the ME_ requirement
obtained in our study (0.391 MJ EBW 075 day'l) into a BW base,
the value of 0.149 MJ BW ' day™? is observed, which is well below
the value proposed by Salah et al. (2014). Information about geno-
type, handling and performance of the animals is not described in the
article of Salah et al. (2014); therefore, it is possible that differences
observed between our results and those of Salah et al. (2014) might
be associated to these factors. Furthermore, we used individual raw
data, which allow more effective control of the study effect, while
Salah et al. (2014) used average data obtained from reviews, thesis
and reports. Is noteworthy that the efficiency of use of ME_ obtained
in our study of 0.63 was close to those reported by the NRC (2007),
Gonzaga Neto et al. (2005), Galvani et al. (2008) and Rodrigues et al.
(2016) of 0.64, 0.67, 0.64 and 0.69 respectively?

The rate and composition of gain, and nutrient use efficiencies
must be known to determine the requirements for gain (NRC, 2007).
In our study, NEg requirement varied with BW and ADG (Table 4).
The requirements we obtained are lower than those recommended
by the NRC (2007) for early-maturing animals with 4 months old. For
instance, for an animal with a 20 kg of BW and ADG of 100 g, the
NEg requirement estimated by our study is 0.954 MJ/day, whereas
the NEg requirement estimated by the NRC (2007) is 1.925 MJ/day.

In the Brazilian literature, values lower than ours have been reported
by Galvani et al. (2008). Conversely, Gonzaga Neto et al. (2005) and
Rodrigues et al. (2016) have reported values greater than those of this
study. Variations in the methodology and/or biological variations may
account for such differences. For instance, we have used the logarithm
of the ER in function of the logarithm of EBG, while Gonzaga Neto
et al. (2005) and Galvani et al. (2008) have used the logarithm of the
ER in function of the logarithm of EBW. The differences between gen-
otypes regarding NEg requirement mainly resulted from differences in
mature weights and fat distributions (Chizzotti, Tedeschi, & Valadares
Filho, 2008). Furthermore, the factors that affect kg might also affect
NEg requirements (Garrett, 1980). Therefore, these differences may
also be due to differences in gain composition. The kg value calculated
in our study (0.36) was similar to that (0.38) reported by Gonzaga
Neto et al. (2005). However, Galvani et al. (2008) proposed a kg value
of 0.47, which explains the lower NEg requirement reported by these
authors. The gain composition might be a key factor in determining
kg, once the efficiency of use of ME for protein deposition ranges
from 10% to 40%, while the efficiency of use of ME for fat deposition
ranges from 60% to 80% (Garrett, 1980).

The TME requirements obtained in our study were lower than
the values reported by AFRC (1993) and NRC (2007). For instance,
considering an animal with 20 kg of BW and ADG of 100 g, the TME
requirement obtained in our study was 5.6 MJ/day (Table 4), while the
AFRC (1993) and NRC (2007) systems reported values of 6.7 and 6.3
respectively. That would represent a reduction of 16.4% and 11.1%,
respectively, on TME for hair sheep raised in tropics when compared

to wool sheep raised in temperate climate regions.

4.2 | Protein requirements

The method used to assess the MP__ in this study is based on animal
growth instead of nitrogen balance (NRC, 2000). The most appropriate
calculation uses MPI instead of the crude protein intake (CPI), because
the CPIl may generate estimation errors by failing to consider the bio-
logical value of crude protein or microbial protein synthesis (Marcondes
et al., 2010), and metabolizable protein includes truly digestible amino
acids absorbed in small intestine (AFRC, 1993). The MP_ value cal-
culated in this study (3.097 g EBW 075 day’l) is greater than the val-
ues reported by Gonzaga Neto et al. (2005), Galvani, Pires, Kozloski,
and Sanchez (2009) and the AFRC (1993) of 2.08 g BW™%7° day™?,
2.31 g BWf 7> day ™ and 2.19 g BW 7> day™ respectively.

In our study, NPg requirement varies with the ADG. Our values are
lower than the values suggested by Gonzaga Neto et al. (2005), which
reported an NPg value of 22.02 g/day for an animal with a 20 kg of BW
and ADG of 100 g, while in our study, the value was of 11.35 g/day.
This difference is mainly explained by the difference in mature weights
of the animals. The animals studied by those authors were Morada
Nova, a genotype considered as late-maturing. Early-maturing geno-
types are expected to have lower net protein requirement than late-
maturing genotypes (Geay, 1984). Galvani et al. (2009) and Rodrigues
et al. (2016) reported values similar to those determined in this study
of 11.30 and 9.9 g/day, respectively, for the same animal type.
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The TMP requirement obtained in our study was lower than the
values proposed by the AFRC (1993) and NRC (2007). For instance,

the TMP value determined in our study for an animal with 20 kg of

BW and ADG of 100 g was 40 g/day, while the corresponding value
suggested by the AFRC (1993) for feedlot intact lambs is 64 g/day,
and the value suggested by the NRC (2007) is 47 g/day. We believe
the difference in genotypes the main factor accounting for this varia-
tion. The NRC (2007) system considers animals from wool genotypes.
MacRae, Walker, Brown, and Lobley (1993) noted that the N wool level
accounted for 11.5% of the total body N of a 25 kg animal in a study
with Suffolk-Finn Dorset lambs. Thus, the higher protein requirement
reported by the NRC (2007) system might result from N required
for wool growth in the considered animals. The N required for wool
deposit, added to genotype and environmental effects, might respond
this great difference observed for TMP.

Our results support the hypothesis that nutrient requirements of
hair sheep raised in tropical climate regions are different from those
recommend by NRC (2007) and AFRC (1993).Therefore, we recom-
mend the values of 0.246 MJ EBW°7° day ™%, 3.097 g EBW °7° day ™%,
0.63 and 0.36 for NE_, MP_, k_ and kg, respectively, for hair sheep
raised in tropical regions. The database used in this study was not big
enough to evaluate individual genotypes or sex effects on nutrient
requirements; thus, further studies should be conducted to better esti-
mate requirements of wool and hair sheep raised both on temperate

and/or tropical regions.
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